A novel H-Shaped patch antenna suitable for wireless and satellite communicatlons is presented The new antenna has several advantages compared to conventional microstrip patch antennas such as smaller size, less number of modes, absence of harmonic resonance, and the provision of pure reactive impedances at its harmonics that can result in increased transmltter efficiency The basic principles and design procedure are introduced An antenna operating at 4 GHz is designed, fabricated predicted and measured The measured results show good agreement with those
INTRODUCTION
Advanced wireless communication systems require small size, low cost and high performance transceiver systems. Crucial factors for wireless transmitters include efficiency, size and bandwidth. Transmitter efficiency is mainly determined by the efficiency of the power amplifier (PA). Much effort has been done to increase PA efficiency. Maximum efficiency can be obtained experimentally [ I ] at the fundamental frequency f , . It has been noted that, efficiency can be increased by having appropriate load impedances at Zf, and 3f, [2.3]. Generally speaking, providing a short circuit at Zf, and an open circuit at 3f, increase the power aided efficiency approximately by 5%. Such harmonic tuning technique is called class-F operation of power amplifier. Resonant higher order modes of the rectangular patch antenna occur roughly at multiples of the fundamental resonant frequency. Unless modified, this antenna is not particularly suited for harmonic tuning. A modified rectangular patch antenna [4] has been used at 2 GHz, for harmonic tuning. This has been done, by inserting a row of shorting pins along the centerline. However, the technique increases design complexity while the third harmonic mode remains unaffected. A circular-sector antenna has also been used [4] to provide harmonic tuning at 2f, and 3f,.
In this paper, the proposed H-shaped patch antenna structure is proved to have a smaller size than conventional microstrip antennas. The new antenna structure reduces unwanted harmonic radiation, and so reduces electromagnetic interference (EMI) between transmitter systems. It also provides specified reactive impedance at the first and second harmonics (2f0 and 3f0) that can lead to increased power amplifier efficiency. This small size antenna can be easily integrated with power amplifier or low noise amplifier to get a compact high performance active integrated antenna for different applications such as wireless and satellite communications. H-shaped antenna is based on stepped impedance resonator (SIR) used in microwave filters [5,6] for mobile applications.
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RESONANCE PROPERTIES OF H-SHAPED RESONATOR
The simple structure of H-shaped resonator is shown in Figure 1 The resonator is symmetrical and has two different characteristic impedance lines Z, and Zz Denoting the impedance ratio of the resonator section as K=Z2/Zi the resonance condition of this resonator is given by [5]
The resonator electrical length HT = 2(8, + ez) can be plotted against 8 , for different values of K [5] For uniform line K = 1 the resonator length IS 180' The resonator length IS less than 180° for K<1 and greater than 180' for K 5 1 ) can be expressed (for 8,=8.) as 151
( 1) The spurious resonance frequency f,,(n=2 3 It is clear that the spurious response can be controlled by the impedance ratio K From (1) and (2) it is observed that K c 1 is more suitable for physical compactness and wide stopband characteristics
RADIATION MECHANISM OF H-SHAPED PATCH ANTENNA
Rectangular microstrip patch antenna can be considered as a half wavelength wide microstrip line opened from its end Radiation from rectangular patch antenna may be ascribed mostly to the fringing fields at the open circuited edges [7] The fields at the end of the fundamental mode can be resolved into normal and tangential components with respect to the ground plane The normal components are out of phase when the patch line is h/2 long, hence their far field cancel in the broadside direction The tangential components are in phase and the resulting fields combine to give maximum radiated field normal to the surface of the structure Therefore the patch may be represented by two slots M 2 apart Radiation mechanism of H-patch antenna is similar to that from rectangular patch provided that the phase difference of the fringing fields between the radiating edges is 180' for the fundamental mode This condition is necessary to give maximum radiated field normal to the surface of the structure As described in the above section 180" phase shift between radiating edges occur at resonance for resonator length eT less than 180' if K c l Under this condition there IS also no harmonic resonance and :he first resonance occurs at a frequency greater than 2fo The result is a small size patch antenna with wide stopband characteristics and pure reactive impedances at 2f, and 3f, These reactive impedances can be easily matched to get maximum transmitter efficiency when integrated with a power amplifier Sadiation pattern of H-shaped antenna is slightly different of rectangular patch This is due to the distance reduction between the two slots created at the antenna edges This will affect the E-plane pattern which will be wider than that of the rectangular patch In order to demonstrate the main characteristics of the proposed Hshaped patch antenna, we will present an H-shaped antenna designed at 4 GHz and compare it with a designed conventional rectangular patch. For high compactness and wide stopband characteristics, the impedance ratio of the H-shaped structure; K is selected near 0.2. For high radiation efficiency a wide microstrip patch with W=24 mm, has been chosen. From the closed form relations of microstrip lines, Zz = 7.2 Q, and then Z,=35 0.
The total resonator length is determined, for a minimum resonator length, to be about looo. The first and second harmonics, calculated from equation Puff software has been used to simulate the circuit. Figure 3b shows s,, for the circuit shown in Figure 2b . We can see that harmonic frequencies displayed by the rectangular patch in Figure 3a have been eliminated for the H-shaped patch, and the second resonance now appears at 16 7 GHz (=3.7f0) as predicted. 
EXPERIMENTAL RESULTS
Measurements have been performed using HP8510 network analyzer in a normal environment due to the lack of anechoic chamber. Figures 4a and  4b show the measurement results of s,, of the simple rectangular patch (Fig2a) and H-shaped patch (Fig2b) respectively. It is clear that there is no distinct response around 2f0 and 3f, of the H-shaped antenna. It has also fewer modes compared to the rectangular patch. A 3 dB decrease in s2, (two identical antennas are used, one at port no. 1 and the other at port no.
2) has been observed in the case of H-shaped antenna, which means that the gain is reduced by 1.5 dB with respect to the rectangular patch. The radiation patterns of the H-antenna in the E-and H-planes have been measured in the normal condition with some absorbers around. Results on radiation pattern will be presented at the conference. Accurate measurements should be carried out in an anechoic chamber in order to have a complete and accurate characterization of the antenna. Theoretical analysis based on electromagnetic calculations is currently underway. This is necessary to get a complete view of the new structure and to select the optimum dimensions for high performance.
CONCLUSION
In this paper, a new H-shaped microstrip antenna structure has been presented The nevi antenna is simple in fabrication has a small size, and wide stopband characteristics Additionally the antenna reduces EM1 by preventing harmonic radiation It can also be used to increase transmitter efficiency H-shaped antenna has been designed and fabricated 
